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Department of Animal Science, University of Illinois, Urbana, Illinois 61801
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ABSTRACT
Three experiments were conducted to investigate the interaction of cobalt with
sulfur-containing amino acids in the chick. Fortified corn-soybean meal diets were fed and tissue
concentrations of cobalt were assessed. In Experiment 1, three levels of cobalt (0, 250, and 500
Mg/g) were fed in the presence and absence of .50% supplemental DL-methionine. Dietary additions
of cobalt depressed growth rate and caused cobalt accumulation in the liver and kidney. Supplemental methionine in excess of the requirement for maximal chick weight gains partially alleviated
the depression in performance and decreased cobalt accumulation in the liver and kidney.
Two levels of cobalt (0 and 500 Mg/g) were fed in the presence and absence of .59% supplemental L-cysteine'HCl*H 2 0 (isosulfurous to .50% DL-methionine) in Experiment 2. Again, cobalt depressed performance and accumulated in the liver and kidney. The surfeit of cysteine increased
weight gain and decreased cobalt accumulation in the liver but not in the kidney. In Experiment 3,
two levels of cobalt (0 and 250 Mg/g) were fed in the presence and absence of two levels of excess
DL-methionine (.50 and 1.0%) or two levels of excess cysteine'HCl-HjO (.59 and 1.18%). Multiple
linear regression analysis of gain on sulfur consumed from methionine or cysteine indicated that
cysteine was almost 6 times more efficacious than methionine in alleviating cobalt toxicity. In fact,
cysteine supplemented at a level of 1.18% completely alleviated the growth depression caused by
250 Mg/g cobalt. Both methionine and cysteine reduced cobalt accumulation in the liver and kidney, but the liver was affected to a greater extent than the kidney.
(Key words: cobalt, methionine, cysteine, chick, performance, liver, kidney)
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INTRODUCTION
T h e effect of sulfur a m i n o acids on cobalt
t o x i c i t y was first r e p o r t e d b y Griffith et al.
( 1 9 4 2 ) w h o f o u n d t h a t cysteine, a n d t o a lesser
e x t e n t cystine or m e t h i o n i n e , could partially
alleviate t h e toxic effects of high levels of
cobalt fed t o rats. This observation was later
confirmed b y Orten and Bucciero ( 1 9 4 8 ) . A
similar interaction has been reported by D u n n
et al. ( 1 9 5 2 ) in t h e calf a n d also b y H u c k a n d
Clawson ( 1 9 7 6 ) in t h e pig.
T h e toxic effects of feeding high levels of
cobalt t o chicks have been r e p o r t e d ( T u r k a n d
Kratzer, I 9 6 0 ; Olson and Kienholz, 1 9 6 8 ;
C h e t t y and Hill, 1 9 7 1 ; Hill, 1 9 7 4 , 1 9 7 9 ) , b u t
little information is available concerning t h e
interrelationship of cobalt with sulfur a m i n o
acids in t h e chick. T u r k a n d Kratzer ( 1 9 6 0 )
r e p o r t e d t h a t dietary s u p p l e m e n t s of cystine or
cysteine alleviated t h e toxic effects of 5 and 50
Mg/g cobalt. Since this report by T u r k and
Kratzer ( 1 9 6 0 ) , however, C h e t t y and Hill
( 1 9 7 1 ) have r e p o r t e d t h a t 10 ilglg cobalt was
t o x i c t o t h e chick only w h e n t h e diet was deficient in iron, a n d t h a t 1 0 0 /ig/g cobalt was n o t
t o x i c w h e n t h e diet was a d e q u a t e in iron. F r o m
these results it appears t h a t t h e diet used b y

T u r k and Kratzer ( 1 9 6 0 ) m a y have been deficient in iron. If this were the case, t h e n it is
difficult t o i n t e r p r e t t h e results of their experim e n t . Cystine and cysteine may have exerted
their effects on iron rather t h a n o n cobalt per
se.
T h e objective of this r e p o r t was t o investigate the cobalt-by-sulfur a m i n o acid interaction
in t h e chick.
EXPERIMENTAL PROCEDURE
Three e x p e r i m e n t s were c o n d u c t e d t o determ i n e t h e effect of m e t h i o n i n e or cysteine o n
cobalt t o x i c i t y in t h e chick. Male chicks resulting from t h e cross of N e w Hampshire males
and Columbian females w e r e used in all experim e n t s . T h e chicks were pretested from hatching
t o 7 days posthatching on a corn-soybean meal
diet. After an overnight fast, t h e chicks were
inspected, weighed, wing b a n d e d , and allotted
t o t r e a t m e n t s (Sasse a n d Baker, 1 9 7 4 ) . Each
e x p e r i m e n t a l t r e a t m e n t was replicated three
times with five chicks per replicate. The assay
periods were 8 t o 2 2 days p o s t h a t c h i n g in
E x p e r i m e n t s 1 and 2 and 8 t o 21 days posthatching in E x p e r i m e n t 3. Feed and w a t e r were
provided ad libitum and gain a n d feed intake
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were monitored at regular intervals. Chicks
were maintained in thermostatically-controlled,
heated batteries.
The basal diet (Table 1) fed during all assay
periods was a standard corn-soybean meal diet
fortified with adequate to excess levels of DLmethionine, iron, manganese, and zinc (NRC,
1977). Dietary additions were made to the
basal diet at the expense of cornstarch. Added
cobalt was supplied in all experiments as
CoCl2'6H20.
Ferric citrate (.06%) was added
to the basal diet to supply 100 ppm iron. The
additional iron was added to eliminate the possibility of producing a cobalt-induced iron
deficiency rather than a cobalt toxicity, since a
cobalt and iron interaction has been reported to
exist in the chick (Chetty and Hill, 1971; Hill,
1974) and also in the rat (Schade et al,
1970a,b; Thomson et al., 1971a,b). The mechanism of this interaction is thought to be
caused by competition for absorption of the
two cations in the intestinal tract.
At the termination of all experiments, the
three most uniform birds within a replication
were killed and the left kidney and gall bladderfree half of the liver taken for tissue analysis.
The tissue samples within a replication were
pooled, dried at 100 C for 24 hr, weighed, and
after HNO3 wet ashing, analyzed for cobalt
concentration by atomic absorption spectro-

TABLE 1. Composition of basal diet
Ingredient
Cornstarch
Corn
Soybean meal (48% CP)
Corn oil
Corn gluten meal (60% CP)
Alfalfa meal, dehyd. (17% CP)
Dicalcium phosphate
Ground limestone
Iodized salt
DL-methionine
Vitamin premix a
Choline chloride (50%)
Ferric citrate
Manganese sulfate
Zinc carbonate
Lincomycin premix (44 g/kg)

(%)
to 100.00
50.59
37.00
4.00
2.00
1.00
2.20
1.00
.40
.20
.10
.10
.06
.05
.01
.01

Vitamin premix provided per kilogram of diet:
vitamin A, 4400 IU; vitamin D 3 , 1000 ICU; vitamin E,
11 IU; vitamin B, 2 , .01 mg; riboflavin, 4.41 mg;
d-pantothenic acid, 10.0 mg; niacin, 22.0 mg; menadione sodium bisulfite, 2.33 mg.

scopy (AOAC, 1970). The results are presented
as micrograms cobalt per gram dry tissue.
Experiment 1 was designed to determine a
cobalt level that would produce a marked
toxicity in the chick as determined by lowered
gain and also to determine the efficacy of
methionine in ameliorating the toxicity. Three
levels of cobalt (0, 250, and 500 tig/g diet)
were added to the basal diet (Table 1) made
adequate in sulfur amino acid content by .2%
DL-methionine supplementation. At each level
of cobalt, two levels of excess DL-methionine
(0 and .50%) were added, constituting a 3 X 2
factorial arrangement of treatments.
Experiment 2 was designed to determine the
effect of cysteine on cobalt toxicity in the
chick. A 2 X 2 factorial arrangement of treatments was employed. Two levels of cobalt (0
and 500 yUg/g diet) were added to the basal diet
(Table 1). At each level of cobalt two levels of
supplemental L-cysteine*HCl'H 2 0 (0 and
.59%) were added. The supplemental cysteine
addition was isosulfurous to the .5% DLmethionine addition used in Experiment 1.
Experiment 3 was conducted to ascertain
the relative efficacy of methionine and cysteine
in alleviating the cobalt toxicity produced by
feeding 250 /ug/g cobalt. Two levels of supplemental methionine (.50 and 1.0%) and two isosulfurous levels of cysteine'HCl'HjO (.59
and 1.18%) were evaluated in the presence and
absence of 250 /ig/g supplemental cobalt. Multiple linear regression analysis of gain (g) on supplemental sulfur consumed (g) from methionine
or cysteine was performed on chicks receiving
the sequence of treatments containing 250 /Ltg/g
cobalt.
All data were analyzed by procedures appropriate for factorially arranged treatments
(Steel and Torrie, 1960). Regression analysis
was performed by the method of least squares
(SAS, 1979).
RESULTS AND DISCUSSION
The results of Experiment 1 are shown in
Table 2. Both gain and gain/feed ratio responded quadratically (P<.01) to cobalt addition. Cobalt at 250 jJ.g/g caused only a slight
depression in performance, while 500 /Ug/g
caused a marked depression. The quadratic
effect, indicative of deviations from linearity,
might have resulted from the excess iron (100
Ug/g) present in the basal diet (Table 1). Chetty
and Hill (1971) and Hill (1974) observed that a
cobalt-iron interaction exists in the chick in
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TABLE 2. Effect of methionine on performance and liver and kidney cobalt concentration
of chicks fed high levels of cobalt (Experiment 1)
Performance 4

Dietary addition
Gain

(Mg/g)
0
250
500

(%)

(g)

0
0
0

279
211
57

.682
.620
.352

.63
55.5
163.3

.50
80.3
141.0

0
250
500

.50
.50
.50

273
233
115

.692
.662
.531

.85
25.6
50.7

1.1
51.7
82.6

Coc

d

Gain/
feedd

Cobalt b

DLmethionine

Liverd

Kidneyd
(Mg/g dry tissue)

Data represent means of three replications of 5 chicks each during the assay period 8 to 22 days posthatching. Pooled SEM were 4.8 and .01 for gain and gain/feed, respectively. Average initial weight was 85 g.
Data are means of three samples, each sample representing pooled tissues from 3 uniform birds within a
replication. Treatment variances were heterogeneous; therefore, 1 was added to all observations and the data
were log transformed (natural) for statistical analyses. Pooled SEM for transformed data were .145 and .067 for
liver and kidney cobalt concentration, respectively.
c
Provided as CoCl, «6H2 O.
Cobalt (quadratic), methionine, and the cobalt X methionine interaction were significant (P<.01).

that both cations compete for the same absorption sites in the small intestine. Hence, the
excess dietary iron may have inhibited (from
absorption) a greater percent of the 250 /xg/g
dose of cobalt than of the 500 tig/g dose.
The addition of .50% supplemental methionine improved chick performance in the presence
of both 250 and 500 jug/g cobalt, but it elicited
no response in the absence of supplemental
cobalt. This resulted in a significant (P<.01)
cobalt X methionine interaction. However, the
improvement in performance brought about by
methionine supplementation was greater at 500
Atg/g than at 250 Mg/g cobalt. Thus, methionine
addition improved weight gain by 10% in chicks
receiving 250 jUg/g cobalt but by 100% in chicks
receiving 500 /Ug/g cobalt.
Cobalt accumulated quadratically (P<.01) in
the liver and kidney as a result of cobalt addition to the diet. Supplemental methionine decreased (P<.01) cobalt accumulation in both
tissues, but the reduction in the liver was
greater than the reduction in the kidney, particularly at the 500 lig/g level of cobalt addition.
(Fig. 1).
From the results of Experiment 1 it was evident that 500 jug/g cobalt would cause a
marked depression in chick performance without causing death loss. Therefore, this level of

cobalt was selected for use in Experiment 2
wherein the ameliorative effect of cysteine on
cobalt toxicity was investigated.
The results of Experiment 2 are shown in
Table 3. Cobalt (500 /ig/g) resulted in a significant (P<.01) reduction in chick performance,
although the growth depression was not as great
as that seen in Experiment 1. The reason for
this discrepancy is unknown. The addition of
.59% supplemental L-cysteine'HCl*H 2 0 (isosulfurous to .50% DL-methionine) markedly
improved (P<.01) both gain and gain/feed ratio
in the presence but not in the absence of cobalt, resulting in a significant (P<.01) cobalt x
cysteine interaction. As in Experiment 1, sulfur
amino acids (i.e., cysteine) improved chick gain
by 100% when compared with chicks fed excess
cobalt without supplemental cysteine. Cobalt
accumulated (P<.01) in both the liver and kidney of chicks receiving 500 ug/g cobalt, and
cysteine reduced accumulation in both tissues.
The results of Experiments 1 and 2 suggested that methionine and cysteine were
equally efficacious in alleviating cobalt toxicity
in the chick. Both sulfur amino acids when administered at excess levels improved gain approximately 100% in the presence of excess
cobalt. These two experiments, however, were
not designed to determine efficacy estimates
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FIG. 1. Tissue concentration of cobalt as influenced by dietary intake of cobalt and methionine.

but only to study the cobalt x methionine
(Experiment 1) or cobalt X cysteine (Experiment 2) interaction. Griffith et al. (1942) and
Orten and Bucciero (1948) reported that
cysteine was more efficacious than methionine
in alleviating cobalt toxicity in the rat. With
this in mind, a third experiment was designed
to compare the efficacy of methionine and

cysteine in alleviating cobalt toxicity in the
chick. A cobalt level of 250 /ig/g was selected
for use in this experiment, because it was felt
that the toxicity caused by this level of cobalt
could be completely overcome by a sufficiently
high level of methionine or cysteine.
The results of Experiment 3 are shown in
Table 4. In this experiment sulfur consumed
from supplemental methionine and cysteine
was calculated for each replication such that
multiple linear regression could be used to
evaluate gain as a function of supplemental
sulfur intake. Since sulfur supplementation
exerted its effects on cobalt-toxic chicks and
not on control chicks, regression analysis was
performed only on the sequence of treatments
containing 250 /ig/g cobalt. The resulting equation was: gain = 190.9 + 12.52 methionine +
72.32 cysteine (r 2 = .66; P<.01), indicating
that cysteine was almost six times more effective than methionine in alleviating the growth
depression caused by 250 A*g/g cobalt. The highest level of supplemental cysteine, in fact, completely overcame the growth depression caused
by 250 ;Ug/g cobalt. Methionine supplementation also improved performance, but the high
level (1.0%) was no more effective than the
lower level (.50%) in ameliorating the cobaltinduced growth depression.

TABLE 3. Effect of cysteine on performance and liver and kidney cobalt concentration
of chicks fed high levels of cobalt (Experiment 2)
Performance a

Dietary add ition

Gain/
feed d

Cobalt b

L-Cys •
HC1 • H 2 O

Gain

(Mg/g)
0
500

(%)

(g)

0
0

252
95

.686
.491

.26
119.2

.58
130.9

0
500

.59^
.59f

251
193

.664
.631

.26
47.6

.70
85.2

Co

c

d

Kidney e

Liver"

(Mg/g dry tissue)

Data represent means of three replications of 5 chicks each during the assay period 8 to 22 days posthatching. Pooled SEM were 8.00 and .02 for gain and gain/feed, respectively. Average initial weight was 65 g.
Data are means of three samples, each sample representing pooled tissues from 3 uniform birds within a
replication. Treatment variances were heterogeneosis; therefore, 1 was added to all observations and the data
were log transformed (natural) for statistical analyses. Pooled SEM for transformed data were .052 and .124 for
liver and kidney cobalt concentration, respectively.
C
Provided as CoCl2 -6H2 O.
Cobalt, cysteine, and the cobalt X cysteine interaction were significant (P<.01).
Cobalt and the cobalt X cysteine interaction were significant (P<.01).
f
Isosulfurous to .5% DL-methionine.
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TABLE 4. Effect of methionine or cysteine on performance and liver and kidney cobalt
concentration of chicks fed high levels of cobalt (Experiment 3)
Performance*
Dietary additions
e
SAAd
Co
(Mg/g)
0
0
0
0
0
250
250
250
250
250

(%)
None
Met (.50)
Met (1.0)
Cys (.59)
Cys(1.18)
None
Met (.50)
Met (1.0)
Cys (.59)
Cys (1.18)

Gain<=

Gain/
feed

Supplemental
sulfur
consumed e

(g)
244
246
238
241
242
183
199
197
231
239

.678
.685
.672
.673
.678
.608
.646
.650
.662
.682

(g)
0
.386
.760
.386
.768
0
.331
.651
.375
.753

Cobaltb
Liverf

Kidneyf

— (Mg/g dry tissue) —
.58
.37
.47
.63
.03
45.1
21.5
22.3
20.9
16.0

.60
.49
.57
.71
.76
69.1
59.2
56.0
55.6
52.0

Data represent means of three replications of 5 chicks each during the assay period 8 to 21 days posthatching. Average initial weight was 74 g. Pooled SEM were 8.28 and .01 for gain and gain/feed, respectively.
Data are means of three samples, each sample representing pooled tissues from 3 uniform birds within a
replication. Treatment variances were heterogeneosis; therefore, 1 was added to all observations and the data
were log transformed (natural) for statistical analyses. Pooled SEM for transformed data were .194 and .048 for
liver and kidney cobalt concentration, respectively.
Provided as CoCl2 '6H 2 0.
Sulfur amino acids. Cysteine-HCl-H,0 (cys) levels of .59 and 1.18% are isosulfurous to .50 and 1.0% levels
of methionine (met), respectively.
Multiple linear regression analysis of g gain on g supplemental sulfur consumed from methionine or cysteine
for chicks fed 250 Mg/g cobalt gave the equation: Gain (g) = 190.9 + 12.52 methionine + 72.32 cysteine. Cysteine was 5.8 times more effective in alleviating the cobalt-induced growth depression than methionine.
f
Cobalt and sulfur amino acid main effects were significant (P<.01).
Accumulation of cobalt in the liver and kidney of chicks in Experiment 3 paralleled the
results of Experiments 1 and 2. Both methionine and cysteine reduced cobalt accumulation
in the liver and kidney with the liver being
affected to a greater extent than the kidney.
The results of these three experiments
clearly indicate that 1) an interaction exists
between cobalt and methionine or cysteine;
2) cysteine is more efficacious than methionine
in alleviating cobalt toxicity; and 3) methionine
and cysteine are more effective in reducing cobalt accumulation in the liver than in the kidney. The explanation for the interaction has
been discussed earlier (Griffith et al, 1942;
Orten and Buccerio, 1948) and is probably due
to the formation within the organism of a
stable complex between three moles of cysteine
and one mole of cobalt, which is nontoxic. The
fact that methionine is efficacious is explained
by its catabolism via transulfuration to

cysteine. This transulfuration is thought to be
an efficient process with methionine being
quantitatively converted to cysteine on a molar
basis (Graber and Baker, 1971). For this reason the explanation for methionine being less
efficacious than cysteine in alleviating cobalt
toxicity is not clear. Similar results were obtained earlier in our laboratory with copper
toxicity in that cysteine sulfur was more effective than either methionine or cystine sulfur in
reversing the growth depressing effects in chicks
of 250 Mg/g copper (Robbins and Baker, 1980).
Hence, knowledge of the flux of the methionine -*• cysteine pathway and the resulting body
cysteine: cystine ratio may hold the key to
understanding why cysteine is so much more
efficacious than other sulfur amino acids in
overcoming cobalt or copper toxicity in the
chick. Also, it is likely that homocysteine:
homocystine ratio and the oxidation-reduction
state of body glutathione (GSSGrGSH) affect
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the toxicity of cations such as cobalt. W h e t h e r
or n o t cobalt per se or t h e dietary i n t a k e of
m e t h i o n i n e a n d / o r cysteine sulfur
affects
either of these systems remains t o be determined.
An explanation of w h y excess m e t h i o n i n e
or cysteine is m o r e effective in reducing cobalt
accumulation in t h e liver than in t h e k i d n e y is
n o t clear. It m a y be t h a t cobalt is m o r e labile
in t h e liver than in t h e k i d n e y , and this would
lead t o greater turnover and subsequent excretion of a c c u m u l a t e d cobalt.
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